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[57] ABSTRACT 

A control station 12 initiates ayvstem| | tirn i nfiMsign^I ' 
transmission which is re-transmitted from a satellite 14. 
In response to receiving the system timing signal, the 
control station 12 then generates a time correction fac- 
tor which is distributed to a plurality of transmission 
stations 16, 18. The transmission stations 16, 18 in re- 
sponse to receiving the system timing signal transmis- 
sion and the time correction factor distributed from the 
control station 12 generate a time adjustment factor 
which is used to correct the local transmission clocks 
36, 36\ thereby providing time synchronization of data 
transmissions generated from the transmission stations 
16, 18. 

35 Claims, 7 Drawing Sheets 
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control station comprises a first time generating means 

SIMULCAST SYNCHRONIZATION AND for generating system timing signals, a means for trans- 

EQUALIZATION SYSTEM AND METHOD mitting the system timing signals, a means for generat- 

THEREFOR i n g a time correction factor, and a means for distribut- 

5 ing the time correction factor to the plurality of trans- 

RELATED APPLICATION mission stations. The plurality of transmission stations 

This application is being filed of even date with re- comprise a second time generating means for generating 

lated U.S. patent application Ser. No. 07/771,577 to local timing signals, a means responsive to local timing 

Goreham et al. entitled "Simulcast Synchronization and signals for transmitting data, a means for receiving the 

Equalization System and Method Therefor**. 10 transmitted system timing signals, a means for receiving 

n a rrnnnTTYm ^y- WT r the time correction factor, a means for comparing the 

BACKGROUND OF THE INVENTION received 8ystem ^ ^ and ^ fac- 

1. Field of the Invention tor with the local timing signals to generate a time ad- 
The present invention relates generally to the field of justment factor signal, and a means which is responsive 

simulcast transmission systems, and more particularly to 15 to the time adjustment factor signal for adjusting the 

a simulcast system providing system clock synchroniza- timing of the second time generating means. 

tion and carrier frequency equalization. In accordance with another aspect of the present 

2. Description of the Prior Art invention, a transmission station is provided which is 
The primary requirement for effective operation of capable of providing simulcast data transmission in a 

simulcast transrmssionj^ystem^u^ 20 multiple transmission station communication system 

paging systems, is to.mmimize the difference in audio w hj c h has a control station for generating and distribut- 

^phase-delay m signals originating from two different^ ing a time correction factor in response to receiving a 

v transm]S^n.stat ? pns : when received at the paging ret) transmitted system timing signal to the transmission 

^iverrThe audio phase delay can be minimized by station> Emission station comprises a time gen- 

requiring that different transmission stations transmit 25 g mQ&ns for ati ]ocal ^ rf , fl 

the same paging information at precisely the same point means responsive to local timi si ls for transmitting 

TrTA V - Pa8 i ng , SyStemS haVC W y ^"i^* data * a means for receivin S the transmitted system tim- 
trated on equalizing the transmission path de ay, includ- , + • • - 

■♦ .it. i- * jr.«*wiuu ing signals, a means for receiving the time correction 

mg such elements as telephone lines, microwave links or - * * ^ * *u • j 

RF links, which were used to connect the paging termi- 30 factor ' a mean * for comparing the received system tim ; 

nal to the transmission stations. In order to achieve such m * signals and time correction factor with the local 

equalization of the transmission path delay, delay ele- tim,n « SI * nals t0 * enen ? e a time adjustment factor, and 

ments were introduced into the transmission path of a means res P°f ve t0 the time adjustment factor sjgnal 

those transmission stations closest to the source, or for ad J ustin g the timmg of said time generating means, 
origin of the signal transmission, thereby providing a 35 BRIEF DESCRIPTION OF THE DRAWINGS 
substantially uniform transmission path delay for all , m 

transmission stations throughout the system. Unfortu- FIG - 1 1S an eleclncal bJ ock diagram of a simulcast 

nately, once such simulcast transmission systems were transmission system providing clock synchronization in 

equalized, there was no guarantee the equalization accordance with the preferred embodiment of the pres- 

would remain constant throughout any particular trans- 40 enl invention. 

mission period, because several of the transmission ele- FIG - 2 is a tilnin £ diagram illustrating the timing 

ments, particularly the telephone lines when they were considerations required to provide clock synchroniza- 

not dedicated, were subject to variation throughout the tion for the simulcast transmission system in accordance 

transmission period. with the preferred embodiment of the present inven- 

In order to overcome the deficiencies noted above, 45 tion. 
several prior art simulcast transmission systems have FIG. 3 is a graph depicting the accumulated clock 

utilized which has become known as a "store and for- time errors as a function of oscillator stability, 
ward" transmission technique, wherein the transmission FIG. 4 is an electrical block diagram of a transmission 

data is stored at the individual transmission stations station suitable for use with the preferred embodiment 

within the system and then broadcast, or forwarded, 50 of the present invention. 

from all transmission stations at a predetermined time. FIG. 5 is an electrical block diagram of a control 

Equalization of such systems have relied on the use of station suitable for use with the preferred embodiment 

global positioning satellite systems which provided the of the present invention. 

accurate timing control necessary to control the timing FIGS. 6A-D are pictorial diagrams illustrating the 

of transmissions throughout the system. While such 55 system transmissions in accordance with the preferred 

systems using global positioning satellites have proved embodiment of the present invention, 
effective in providing control of the transmission timing FIGS. 7 is a flow diagram describing the operation of 

requirements, the advantages are provided at a substan- the simulcast transmission system providing clock syn- 

tial cost differential as compared to conventional simul- chronization in accordance with the preferred erobodi- 

cast transmission equalization systems. 60 ment of the present invention. 

There is a need to proyide simulcast system equaliza- nFSmTPTTnNr of thf PBFFFRPPn 

tion capabilitylo without the use of a global-positibning DESCRIPTION OF THE PREFERRED 

^jlite_system^ ^ EMBODIMENTS 

QiiMMADv Atmc i\t\/ckitia\i Referring to the diagrams, FIG. 1 is an electrical 

SUMMARY OF THE INVENTION fi5 b , ock diagram of a simulcast transmjssion system 10 in 

In accordance with one aspect of the present inven- accordance with the preferred embodiment of the pres- 
tion, a simulcast transmission system comprises a con^ ent invention. The system 10 includes a cpntrol:station 
trol station and a plurality of transmission stations. The 12-for controlling the distribution of system timing.sig^. 
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Cnalsiised for transmission station clock synchronization ences-bet ween -the control station and jthejndividual 
and message transmission timing, a communication sat- transmission station transmission clocks 36, 361. ^ 
ellite l^jind £ plurality of transmission stations, of bperation of the simulcast transmission system in 
which transmission-stations 16-and-i8-are shown for accordance with the preferred embodiment of the pres- 
example only. The control station includes a paging 5 ent invention can be summarized as follows. The paging 
terminal 20 which is used to process message informa- terminal 20 sends clock synchronization information 
tion received over the public switched telephone net- generated by the master clock 22 to the transmission 
work, PSTN, and to distribute such information, or stations 16, 18 using a dedicated satellite channel. A 
data, to the plurality of transmission stations 16, 18 for time correction factor is generated at the control station 
transmission to selective call receivers, such as display 10 in response to receiving the clock synchronization in- 
pagerl9pwhich is operational in the system. The opera- formation transmitted as system timing signals by the 
tion of paging terminal 20 for collecting, processing and satellite 14. The time correction factor determined at 
distributing message information is well known in the the control station 12 is used by the transmission stations 
art. A master timing means, or clock, 22 is coupled to 16, 18, together with system timing signal arrival infor- 
the paging terminal 20 and generates the system timing 15 mation measured at each transmission station 16, 18 to 
signals which are used to control the distribution of the calculate the time corrections necessary to synchronize 
message information, or data, and the distribution of the local clocks 36, 36' at each transmission station with 
synchronization information, as will be further de- the master clock 22 at the control station 12. By periodi- 
scribed below. The paging terminal 20 couples to a cally resynchronizing the local clocks with the master 
s atellite:u prlink transmitter 24" wHicFtransmits the sys^j20 clock, the simulcast transmission system in accordance 
tem_timing~signals to the satellite 14 which^thenTref with the present invention provides significantly im- 
sponds-to receiving the system timing signals by retrans- proved control of message transmission time without 
milting the system timing signals throughout thesimu]2 the complexity or problems associated with audio signal 
cgtjransmission system 10. -The control station 12 also equalization of the prior art systems. In addition, trans- 
includes a satellite receiver 26 which is used to receive 25 mission frequency equalization can also be provided, as 
the system timing signals transmitted by the satellite 14. will be described below. 

rThe system timing signals when received by the satellite Reference is directed to FIG. 2 which is a pictorial 
receiver 26 are coupled to a comparing means, or com- diagram illustrating the simulcast transmission system in 
parator 28, which compares the time of arrival of the accordance with the preferred embodiment of the pres- 
system timing signals with the time of transmission of 30 ent invention. As shown in FIG. 2, the system includes 
the signals in order to establish a time adjustment factor a control station CS, and a plurality of transmission 
which is then used to synchronize the transmission stations, indicated for example, TSA, TSB, TSC and 
clocks used throughout the system, as will be further TSN. The position and location of the control and 
described below. transmission stations will depend on the area of cover- 

Th^paging:tcnrnjna^ the transmis- 35 age provided by the simulcast transmission system and 

sionjs tations 16, 1 8 thro ugh a_communication_link _30,b can encompass a relatively small geographic area, such 
such as provided through the public switched telephone as required to provide coverage to an individual town 
network, or through RF or microwave links. The com- or city, to a very large geographic area, such as cover- 
munication link 30 enables transmission of the message ing a national, or continental transmission system, 
data between the control station and the transmission 40 As described above, system timing signals generated 
stations 16, 18 in a manner well known in the art. As by the control station CS are transmitted to the satellite, 
will become more apparent in the description to follow, which then re-transmits the signals. The control station 
and unlike the prior art simulcast transmission systems monitors the actual time of transmission and time of 
which used GPS satellites for timing control, the com- reception of the system timing signals, which enables 
munication link 30 can also be provided through the 45 the time correction factor to be calculated as follows: 
satellite 14 in an alternate embodiment of the present 
invention. ^^/^T^~Jl^i 

The transmission stations 16, 18 include paging base ~ 
stations 32, 32' which are utilized Joj^ajnsmit the mes^, where 

sag^atalthToughout the simulcast transmission systenrSO T c /is the computed time correction factor value; 
in a manner well known in the art. Frequency refer-" T rec is a second time value corresponding to the time 
ences 34, 34' are provided which are coupled to the of reception of the system timing signals at the 

paging base station, and are utilized to establish, or control station CS; and 

control the carrier frequency of transmission of the T^is a first time value corresponding to the time of 
message data. Also coupled to the frequency references 55 transmission of the system timing signals from the 
34, 34' are clocks 36, 36' which generate local timing control station CS. 

signals which are used for controlling the transmission It will be apparent from the description above that 
of the data received from the control station 12 as will the difference between the time of transmission and the 
be described further below. Satellite receivers 38, 38' time of reception provides a complete measurement of 
are used to receive the system timing signals re-trans- 60 all path loss parameters, such as the delay through the 
mitted by the satellite 14. The system timing signals satellite <up-Jink; transmitter T /t the up-link transmission^ 
received by the satellite receivers 38, 38' are coupled to delay ^T^, the satellite delay T M „ the down link trans^ 
a comparing means, such as comparators 40, 40', which ^mission delay Tj n , and the delay through the satellite 
compare the time adjustment factor information estab- ^—receiverTrM; 

lished at the control station with the current time indi- 65"^~Thc r satellite utilized in the preferred embodiment of 
cated by the clocks 36, 36' at eachjransmission station. the present invention is a geo-stationary satellite located 
The-time-adjustment factorrihformation enables -tfie at the equator, and providing a substantially fixed posi- 
transmission stations to correct the clock time differ- tion relative to points on the surface of the earth, as is 
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wdl known in the art Thus the time correction factor small geographic area and only encompasses a limited 

indicated above can also provide for the measurement number of transmission stations, variations in the dis- 

of additional transmission variables, such as variation in tance between the satellite and the individual transmis- 

the satellite position and local geographic atmospheric ^on stations, can be insignificant, and therefore can be 

conditions, just to name a few, as will be described 5 icmored. 
below 

The system timing signals generated at the control tbedista ? ce th f ****** md the t ^ ns ' 

sUtionCSm^ — » stations becomes si^ficant, the time adjust. 

fication of a predetermined point in time, or time mark, ment factor <** * calculated as follows: 
where the measurement of time of transmission and time in x /x > t a ■ t t- 
of reception are referenced. The system timing signals, T«iN=<?*m*+ Tj)+T diaN - 

in one embodiment, can include the actual time of trans- « 

mission relative to the control station CS master clock, ^ . . ^ J . . , , VT - 

and the time correction factor calculated as described T ^ Nt& factor value for an Nth 

above, or in a second embodiment can include an ad- l5 transmission station including the distance correction 
justed time of transmission relative to the control station factor, 

CS master clock which includes the established time T</and T^are as described above; and 

correction factor. Each transmission station is then able TdistN » the distance correction factor value corre- 
to generate a time adjustment factor, as follows: sponding to the distance between said satellite and said 

2Q Nth transmission station. The distance correction factor 
T e djN**{T xm u+ fy)- Ttkn TdistN is preferably stored at the individual transmission 

stations. 

w ^5 re . In summary, a method of computing time adjustment 

1adjN\s the time adjustment factor value for the Nth factors for the individual transmission stations has been 
transmission station; and provided above. The method includes for the correc- 

T w *is the time value corresponding to the tone of tion of the transmission delays encountered in the trans- 

- receptoon of the system timings signals at the Nth miss5on of m ^ ^ the contro , 

transmission station. , .1 . . . . , 

, T j .« • « , station and the transmission stations, and also provides 
Txm/r and T c /are as descnbed above. When T xm it and r A — • «*• , / . K + 
T c/ are transmitted separately, the computation as ^ c Crt am correcuons which can be required due to 
shown above is performed at the transmission sta- * ^ variations as due to environmental conditions and 
tions, although as described above, the factor satellite position. By periodically adjusting the local 
T™,+T f/ can also be computed at the control clock times relative to the master clock time as de- 
station in which case only a single value identified fcnbed above, simulcast transmission time equalization 
as the adjusted time of transmission need be trans- ^ P r o vided - 

mitted. Consequently, the term time correction 35 While not specifically shown in the equations pres- 
factor can refer only to T c /in which case the time ented above, it will be appreciated that there can be 
of transmission T xm u must also be provided, or can additional transmission delays which can affect the 
refer to T xmj/ +T c /which includes both the time of adjustment of the local clocks relative to the master 
transmission and the time correction factor, as de- clock. Examples of such additional correctable delays 
fined above. 40 include receiver delay differences between transmission 
The time adjustment factor TadjN calculated as de- stations due to such issues as cabling differences De- 
scribed above provides an indication of the the time tween the receiver antenna and the receiver. Other 
indicated by the local clocks relative to the master correctable delays include differences in the time of 
clock. When the time adjustment factor T a djN calcu- transmission between transmission stations, again due to 
lated is negative, the local clock time leads the master 45 sucn issues as cabling differences between the transmit- 
clock time, indicating the local clock is currently run- ter antenna and the transmitter. The additional correct- ' 
ning faster than the master clock at this measurement aD i e delays can be handled conventionally using fixed 
time interval. And when the time adjustment factor delay elements at each transmission station, although it 
T fl rfyjvcalculated is positive, the local clock time lags the ^ preferable that such delays be identified and added 
inastercl<xktime,md^ 50 ^ distance dclaySf thereby allowing additional 
runnmg slower than the master clock at this measure- adjustment of the time' of transmission at the various 
ment ume interval .Therefore, the amount and Section tsmadaAm stations _ In nation, additional timing off- 

of correction of the local transmission station clocks ^ +c . k ;, l „ Mi( „ „„„ . « 

relative to the master control station clock is readily ^ween transmission stations can be provided to 

provided «auun ciowt k rcaouy ^ compensate for differing transmitter powers within the 

As will be appreciated by one of skill in the art, the 8y !j cm ' _ . 4 _ „ , . , . 

distance between the satellite and the control station CS A Referenc « * now directed to FIG. 3 which is a graph 

and transmission stations TS can vary, especially where de P lctul « accumulated clock time errors as a func- 

the distance between the control station CS and the tion of oscillator stability which is utilized to detertnine 
transmission stations TS is large, or where significant 60 ^ t™" 1 * considerations for the periodic synchroniza- 

differences in the elevation of one station relative to tion of Ae local cIocks to ***** clock in the pre- 

another exist, such as in mountainous terrain. Compen- ferred embodiment of the present invention. Data points 

sation for variations in the delay of the system timing indicated by box 302 represent maximum accumulated 

signals are also accommodated in the preferred embodi- time errors of one microsecond, while data points indi- 
ment of the present invention by providing a distance 65 cated by box 304 represent maximum accumulated time 

correction factor which is stored at each of the trans- errors often microseconds. FIG. 3 is best understood by 

mission stations. It will be appreciated that when the way of example, such as that provided in TABLE I 

simulcast transmission system covers only a relatively below which provides a comparison of the frequency of 
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Max Accumulated 
Time Error (ftS) 


Run Time 


Sync 
Interval 


.1 
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-2.8 hrs 


1.4 hrs. 


.1 


10 


-28 hrs 


14 hrs. 
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— 17 mins 


8.5 min. 
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10 
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clock synchronization as a function the oscillator stabil- coupled to the controller 402 is a memory 404 which is 
ity and the maximum accumulated system time error. used to store the data received from the control station 
TABLE I prior to data transmission. The memory 404 can be any 

suitable form of random access memory, such as inte- 
5 grated dynamic random access memory (DRAM), a 
hard disk drive, or a combination thereof, just to name 
a few. The memory 404 can also include a read only 
memory section, such as provided by an electrically 
erasable programmable read only memory which is 
10 used to store routines used by the microcomputer or 
As shown in TABLE I, the run time is a function of DSP to control transmission station operation, and 
both the clock oscillator absolute stability and the maxi- which is also used to store the time correction factor for 
mum accumulated time error allowable between the distance from the satellite, as previously described 
individual clocks within the system. The actual time above. One output of controller 402 is coupled to an 
between system synchronization cycles is actually one- 15 input of encoder 406 which encodes the data recovered 
half the run time shown, as two clock oscillators having for transmission into one of a number of signaling proto- 
the same absolute accuracy can accumulate the sped* cols, such as the POCSAG signaling format or the 
fled time error relative to each other in one-half the time Golay Sequential Code signaling format, although it 
since one can be drifting in a positive direction, while will be appreciated that any other signaling protocol 
the other is drifting in a negative direction. It will be 20 could be encoded as well. The output of the encoder 
appreciated that the times represented are only approxi- 406 is coupled to the modulation input of the transmitter 
mate, and that the actual time is computed as shown voltage controlled oscillator 408 which modulates the 
below by dividing the Maximum Accumulated Time V CO 408 in a manner well known in the art. It will be 
Error in uS by the Clock Oscillator Absolute Stability appreciated that the controller and clock outputs can 
in ppb to determine the drift time in seconds which is 25 ^so ^ copied to other types of modulators, such as a 
then converted to minutes and hours in a manner well ^rect digital synthesized modular, as well. The output 
known in the art. of the VCX) 408 couples the modulated carrier signal to 

the transmitter which then amplifies the signal to a 
Sync interval = M ". (sec) 30 suitable power level for transmission. 

At*, suability « Also to the controller 402 j s the satellite 

Clock oscillator accuracies of one part per billion can rcceiver 4 * 2 ^ to th f e 7*™ "J"** 

be readily achieved using high stability oven controlled » # above ; ^ of * e 

crystal controlled oscillators One such oscillator is the re P eiver 15 C0U P^ d 10 ™ m P ut . of the ^fl^.T 

KXN 1130AA OCXO manufactured by Motorola Inc. 35 wh '<* «?«tor» the received I timing word to detect the 

can provide a stability of 2 ppb. Other oscillator stabili- synchronization time mark. Upon detection of the syn- 

ties can be provided by utilizing other oscillator types, chromzation time mark, the contro Her recovers the 

such as rubidium frequency standards for stabilities in <?rrent time generated by the local clock 414, and fur- 

the 0.01 ppb range. tner controls the reception of the time correction factor 

FIG. 4 is an electrical block diagram of a transmission 40 information generated at the control station. The con- 
station suitable for use in the preferred embodiment of roller includes a means for comparing, such as a com- 
the present invention. As shown in FIG. 4, the transmis- parator or the arithmetic logic unit of the microcom- 
sion stations include a data transmission interconnect P uter or DSP * compares the current, or local time 
400 which provides an interface between the transmis- value » Wlth the received time correction factor, and 
sion station and the communication link conveying the 45 when necessary recovers the distance correction factor 
incoming messages from the control station. The data from the memory 404 to derive the time adjustment 
transmission interconnect 400 can provide any of a ^tor used to correct the local clock, 
number of well known interface structures, such as a The local clock 414 is preferably a real time clock 
telephone interconnect and modem for use with the which comprises a count accumulator 418, which is 
public switched telephone network, or a direct data 50 preferably a frequency divider for dividing the clock 
input when interfacing with an RF or microwave link. oscillator output of frequency reference 422, although it 
The output of the data transmission interface 400 cou- will be appreciated other well known techniques would 
pies to an input of a transmission station controller 402. be required to generate non-integer frequency rates 
The controller 402 controls the total operation of the from the reference. The output of the count accumula- 
transmission station, performing such control opera- 55 tor is decoded by clock circuit 420 to generate local 
tions as controlling the reception of data from the con- timing signals, and more particularly, which generates 
trol station, controlling the reception of system timing the predetermined time intervals between clock syn- 
signals from the satellite, controlling the time synchro- chronization cycles, and the particular clock timing 
nization of the local clock, and controlling the transmis- signals used to control the operation of the transmission 
sion of the data received from the control station. The 60 station. A real time clock output is also generated which 
controller 402 can be implemented using a microcom- is used to trigger the start of data transmission at the 
puter, such as an MC68030 microcomputer, or a digital predetermined batch transmission start times to be de- 
signal processor, such as a DSP 65000 digital signal scribed below. The local clock can alternately be imple- 
processor, both of which are manufactured by Motor- mented as a non-real time clock using dividers, as de- 
ola, Inc, or other microprocessors or digital signal pro- 65 scribed above, to generate the required timing signals 
cessors. The choice of microcomputer or digital signal with a portion of the dividers forming the count accu- 
processor is dependent upon the level of signal process- mulator 418 and functioning as an interval timer, the 
ing to be ultimately handled by the controller 402. Also period of which represents the maximum time interval 
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between clock synchronization cycles. In either in- 
stance, the time represented by the count accumulator 
418 is advanced or retarded depending upon the time 
adjustment signal generated via a clock adjust output 
which is coupled to an adjustment input of the count 5 
accumulator 418. 

A second output 424 of the controller 402 couples the 
clock adjustment information to the input of a reference 
frequency correction means 426 and is used to provide 
maintenance of the clock accuracy by compensating for 10 
the aging of the oscillator, which for an ovenized crys- 
tal controlled oscillator such as the KXN1130AA is 
±30 parts per billion per year. The reference frequency 
correction means includes frequency control latches 
428 which are used to store the clock adjustment infor- 15 
mation between clock synchronization events. The out- 
put of the frequency control latches is coupled to an 
input of a digital to analog converter which converts 
the digital frequency adjustment information into an 
analog adjustment signal which is coupled to an adjust- 20 
ment input of the frequency reference 422. In the pre- 
ferred embodiment of the present invention, the D/A 
converter 430 has a twelve bit resolution to provide the 
necessary resolution for correction of the reference 
frequency. The clock oscillator and transmitter fre- 25 
quency reference 422 is preferably an ovenized voltage 
controlled crystal oscillator (OVXCO) for use in the 
transmission stations which would provide clock syn- 
chronization intervals of on the order of eight and one- 
half minutes, as described above. The ovenized voltage 30 
controlled crystal oscillator (OVXCO) also provides a 
frequency reference output which is coupled to a sec- 
ond input of the VCO 408, as shown. 

Because the rate of aging is significantly less than the 
time error accumulated, the time interval between fre- 35 
quency compensation events to compensate for aging 
can be significantly longer than required to correct 
clock error. As a result, while clock error compensation 
is periodically required at relatively short time inter- 
vals, the frequency compensation can be provided at 40 
significantly longer time intervals between compensa- 
tion events, such as daily, weekly, or even monthly as 
required. 

Reference is directed to FIG. 5 which is an electrical 
block diagram of the control station 12. The control 45 
station 12 includes a telephone interface 500 which is 
coupled to the public switched telephone network over 
which message information is received from one or 
more input devices, such as a telephone 502, or data 
entry devices. A paging controller or other controller, 50 
such as utilized in queued transmission communication 
systems 504, is coupled to the telephone interface 500 
and controls the processing of the message information 
as the information is received. A subscriber list memory 
is provided which stores information identifying the 55 
active subscribers belonging to the system, pager ad- 
dresses and any other information which is required to 
identify the subscriber's receiver or the receiver's oper- 
ation. As the message information is received, the pag- 
ing controller 504 routes the message information to a 60 
message queue in an active page file memory 508 where 
the message information is temporarily stored prior to 
distribution to the transmission stations. At periodic 
time intervals, to be described below, the message infor- 
mation stored in the active page file is recovered by the 65 
paging controller 504 and is processed by a protocol 
encoder 510 which encodes the message information in 
a format suitable for transmission. The output of the 
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protocol encoder 510 is coupled to a transmitter inter- 
face 512 which then couples the encoded message infor- 
mation to the respective communication link for distri- 
bution to the transmitter stations. The operation of the 
control station, as described above for receiving, pro- 
cessing and distributing message information, such as 
used in paging, and is well known in the art. 

A clock oscillator 514 generates timing information 
which is coupled to a count accumulator 516, which 
together with the clock 518 is utilized to generate the 
system timing signals. In the preferred embodiment of 
the present invention, the count accumulator 516 pro- 
vides an interval timer function, as described above, 
which indicates the occurrence of the next synchroniza- 
tion cycle. When the next synchronization cycle is indi- 
cated by the count accumulator 516, the paging control- 
ler formats a synchronization packet which includes a 
timing word and the current time of transmission which 
is retrieved from the master clock 518. The timing word 
and time of transmission information are coupled by the 
paging controller 504 to a transmitter interface 512 
which couples the information to the up-link transmit- 
ter. Information present on the satellite channel is moni- 
tored by the satellite receiver 522 which couples the 
information to the paging controller 504 through re* 
ceiver interface 524. When the timing code word is 
received and the transition indicating the synchroniza- 
tion time mark is detected, the time of reception is re- 
trieved from the master clock and compared with the 
time of transmission to determine the time correction 
factor which is then distributed to the transmissions 
stations as described above. 

Reference is directed to FIG. 6 which is a timing 
diagram illustrating the operation of the simulcast trans- 
mission system in accordance with the preferred em- 
bodiment of the present invention. As shown in FIG. 
6A, a data channel is provided for the periodic distribu- 
tion of message information stored in the active page 
file memory of the control station to the "store and 
forward" memory of the transmission stations. The 
information provided over the data channel includes 
preferably a batch transmission time during time inter- 
val 602, and batch data transmission during time control 
604. Time interval 606 represents a non-transmission 
time interval which can occur because of the different 
distances which exist between the control station and 
the transmission stations, and also is representative of 
the difference in data transmission rates which are pro- 
vided over the data channel versus the paging channel, 
such as, for example, 1200 bps (bits per second) on the 
paging channel versus 6000 bps on the data channel. 

A paging channel, shown in FIG. 6B, provides for 
the periodic transmission of the batch data during time 
interval 610. A non-transmission time interval 612 oc- 
curs because the transmission start time word is not 
transmitted and also allow for any system delay which 
is required prior to the start of the next batch transmis- 
sion. It should be noted that when the transmission 
stations operate in a "store and foreword" mode, the 
batch data, such as the batch data transmission during 
time interval 604, arrives at the transmission station 
before the start of transmission and is stored. The batch 
transmission during time interval 614 on the paging 
channel would represent the transmission of a previ- 
ously stored batch such as received during time interval 
604. The total transmission time between synchroniza- 
tion events is determined by the stability of the transmis- 
sion station clocks, as described above. 
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During the time that data is being transmitted on the 
paging channel and message information is distributed 
to the transmission stations on the data channel, a syn- 
chronization packet, shown in FIG. 6C is transmitted 
on the satellite channel 612 and includes a timing word 5 
transmitted during time interval 614, a master clock 
time transmitted during time interval 616 and time cor- 
rection factor transmitted during time interval 618 as 
previously described above, or in the alternate the ad- 
justed master clock time of transmission during time 10 
interval 626, also as described above. 

As shown in FIG. 6D, the transmitted synchroniza- 
tion packet containing information transmitted at time 
interval are received at the transmission stations, and 
are delayed in time due to the satellite up-link and 15 
down-link transmission times. When the synchroniza- 
tion packet is received at the transmission stations, and 
the reception time mark 620 is detected within the tim- 
ing word during time interval 614', the local clock value 
is retrieved as described above. The local clock value 20 
recovered is then compared with the received master 
clock time of transmission value during time interval 
616' and the time correction factor value during time 
interval 618', or in the alternate, the adjusted master 
clock time of transmission during time interval 626, in 25 
order to determine the local clock time adjustment 
factor. As further shown in FIG. 6D. there is generally 
a variation in the final time of reception of the synchro- 
nization packet indicated by time interval 622 at each 
transmission station due largely to the distance varia- 30 
tions between the satellite and transmission stations. 
Following the reception of the synchronization packet 
at each of the transmission stations, the local clocks are 
adjusted, and as shown the earliest transmission stations 
beginning the clock adjustment at a time indicated by 35 
timing line- 628, and the latest transmissions stations 
beginning the clock adjustment at a time indicated by 
timing line 630. In the preferred embodiment of the 
present invention, when the stability of the control 
station and transmission stations clocks are similar, the 40 
time deviation between clocks remains within the maxi- 
mum accumulated time error for the system. The time 
of occurrence of the actual clock realignment is not 
critical and the clock synchronization can be performed 
simultaneous to the transmission of the data, with the 45 
time accumulator value being incrementally retarded or 
advanced, as will be described further below. When a 
lower stability clock is used at the control station in 
comparison to the transmission stations, the accumu- 
lated time error between the control station and the 50 
transmission stations will be greater than the maximum 
allowable time error, even though the accumulated time 
error between transmission stations is within the maxi- 
mum allowable accumulated time error. This would 
occur whenever the stations are told to realign to a 55 
clock time outside the allowable clock error. In the 
second embodiment, the clock is adjusted in two steps. 
Starting at a time which could be specified on the satel- 
lite channel 706 (not shown; if the spread in time of 
arrival 622 is small enough, the time could be gated off 60 
the time-mark arrival), the time to the next data sample 
output is adjusted by the time correction factor. At the 
next data sample, the time is instantaneously changed to 
the adjusted master time. It is assumed that the time 
adjustment factor is smaller than the data sample rate. 65 

The advantage of keeping accurate time at the con- 
trol provides for minimizing the amount of data that 
must be stored at the stations to assure that the stations 
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always have the data before transmission must start. 
The measurement of the time correction factor at the 
control and the use of the control as the master clock 
provide the means to assure that the control clock has 
the least relative error possible. However, any station 
may be used as the master as long as communication can 
be provided to all other clocks in the system and the 
satellite transmitted is located at that site. In addition, 
measurement of the time correction factor may be omit- 
ted and an approximate fixed number substituted adding 
only to the uncertainty of time of data arrival at the 
stations from the control due to the error of the fixed 
number and the variations which the measurement had 
accounted for as previously described. 

In a third embodiment, time interval 612 would rep- 
resent an actual non-transmission time interval during 
which all transmission station clocks are abruptly read- 
justed to the new time values prior to the next batch 
transmission start time. In summary, it is readily possi- 
ble for those skilled in the art to either adjust the clock 
simultaneously with the data transmission or to allocate 
a time period during which the paging channel may not 
be used to allow a clock adjustment cycle requiring 
time in excess of the data sample rate. FIG. 7 is a flow 
chart describing the clock synchronization operation at 
the transmission stations. As shown, the transmission 
stations receive the timing word at step 700, and at the 
time mark indicated by the timing word, the time of 
reception Tree is retrieved from the local clock at step 
702. The time of transmission T xm it of the timing word 
is then received, at step 704, followed by the time cor- 
rection factor value T c /, at step 706. As described above 
steps 704 and 706 can also be combine into a single step 
when the adjusted master clock transmission time is 
transmitted. When a distance correction is required, at 
step 708, the value of the distance correction is recov- 
ered from memory, at step 710, and the clock error is 
calculated, as shown at step 712. When the distance 
correction is not necessary, at step 708, such as when a 
particular transmission station is at the same distance 
from the satellite as the control station, or that all trans- 
mission stations with the geographic area are at substan- 
tially the same distance, the clock error is calculated, as 
shown at step 714. Following the calculation of the 
clock error, the local clocks are incrementally adjusted 
at step 716 in the background of the data transmission. 
Following the incremental adjustment, the transmission 
station again continues the batch transmission at the 
next data sample at step 724 or begins the next data 
batch transmission at step 724. If the clock adjustment is 
not complete at step 726, steps 716 through 724 are 
repeated. When the clock adjustment is complete at step 
726, the transmission station continues transmitting the 
next data samples at step 724. 

In summary, synchronization timing information gen- 
erated at the control station is periodically transmitted 
to the transmission stations, enabling the transmission 
station to periodically update the local clocks relative to 
the master clock at the control station. The synchroni- 
zation timing information sent to each transmission 
station includes the master clock time (either the time in 
real time, or those bits significant in determining time 
differences, such as when an interval timer, or the like, 
is employed for the master and local clocks) which was 
recovered at the synchronization time mark. Also in- 
cluded in the synchronization timing information is the 
time correction factor established at the control station. 
The time correction factor is needed to correct for 
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changes in the round trip time delay up to the satellite eludes a time correction factor value calculated by said 

and back to the ground, and enables the transmission microcomputer using 

station local clocks to be precisely synchronized with 

the master clock. The synchronization time mark is a fy* 

predetermined position in the received bit stream of the 5 

timing word which is used to trigger the recovery of the where 

time of reception at the control station, and the current T c/is the time correction factor value, 

time at the transmission stations. T w is a second time value corresponding to the time 

We claim: of reception of the system timing signals, and 

1. A simulcast transmission system having means for 10 T xmft is a first time value corresponding to the time of 
time synchronizing the transmission of data signals transmission of the system timing signals, 
therefrom, comprising: 8 - T° e simulcast transmission system according to 

a control station comprising first time generating claim 1, wherein said means for comparing the received 

means for generating system timing signals and for svstem timin S and time correction factor signal 

transmitting the same, means for receiving the 15 with ^ local timin « si ^ ls comprises a microcom- 

transmitted system timing signals, means for com- P^ter. 

paring the transmitted and received system timing 9 ; ™* simulcast transmission system according to 

signals to generate a time correction factor signal in c ^ m 8 » wherein the time adjustment factor signal in- 

response thereto, and means for distributing the cludes a time adjustment factor value calculated by said 

time correction factor signal to a plurality of trans- 20 microcomputer using 

mission stations; and T • + 

each of said plurality of transmission stations com- fl * v ~ * mt ^ ™ s 

prising second time generating means for general- where 

ing local timing signals, means responsive to local 1$ T u the time adjustme nt factor value for an Nth 

timing signals for transmitting the data signals, transmission station, 

means for receiving the transmitted system timing Tjfmft u the first time value corresponding to the lime 

signals, means for receiving the time correction of transmission of the system liming signals , 

factor signal, means for comparing the received x is ^ time correction factor valuet ^ 

system timing signa s and time correction factor 3Q is a time value corre sponding to the time of 

signal with the local timing signals to generate a reception of the system timing signals at the Nth 

time adjustment factor signal and means respon- transmission station. 

sive to the time adjustment factor signal for adjust- 10 . The simulcast transmission system according to 

ing the timing of said second time generating c ] ami 1} wherein the system timing signals include ai 

means * 35 least timing information corresponding to a predeter- 

2. The simulcast transmission system according to mined time for the transmission of the data signals from 
claim 1, wherein said first time generating means com- said plurality of transmission stations and synchroniza- 
P nseS: tion signals which include at least synchronization in- 

means for generating frequency reference signals; and formation identifying a predetermined time mark and 

master clock means, responsive to the frequency ref- 40 data signal transmission time information corresponding 

erence signals for generating the system timing thereto. 

signals. U, The simulcast transmission system according to 

3. The simulcast transmission system according to claim 10, wherein the synchronization signals re period- 
claim 1, wherein said second time generating means ically generated. 

comprises: 45 12. The simulcast transmission system according to 

means for generating frequency reference signals; and claim 1, wherein said means for adjusting the timing of 

local clock means, responsive to the frequency refer- said second time generating means comprises: 

ence signals for generating the local timing signals. means for storing a time adjustment factor value de- 

4. The simulcast transmission system according to rived by comparing the received system timing 
claim 1, wherein said means for transmitting the system 50 signals and time correction factor signal with the 
timing signals comprises: local timing signals; 

satellite up-link transmitter means for transmitting the converter means, coupled to said storing means, for 
system timing signals to a satellite, said satellite converting the stored time adjustment factor value 
having satellite receiving means for receiving the into the time adjustment factor signal, 
transmitted system timing signals, and satellite 55 13. The simulcast transmission system according to 
transmitter means, coupled to said satellite receiv- claim 12, wherein said time adjustment factor value is a 
ing means, for re-transmitting the received system digital information sequence, and wherein said con- 
timing signals. verter means converts the digital information sequence 

5. The simulcast transmission system according to into an analog signal corresponding to the time adjust- 
claim 4, wherein said means for transmitting the system 60 ment factor signal. 

timing signals further transmits the data signals and data 14. The simulcast transmission system according to 

transmission start time signals. claim 1, wherein said transmissions stations further 

6. The simulcast transmission system according to comprise means for storing a distance correction factor 
claim 1, wherein said means for comparing the transmit- signal, and said means for comparing compares the 
ted and received system timing signals comprises a 65 received system timing signals and time correction fac- 
microcomputer. tor signal with the local timing signals and a distance 

7. The simulcast transmission system according to correction factor signal to generate the time adjustment 
claim 6, wherein the time correction factor signal in- factor signal. 
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15. The simulcast transmission system according to 
claim 14, wherein said transmissions station further 
comprises memory means for storing information, and 
wherein the distance correction factor signal includes a 
distance correction factor value which is stored in said 5 
memory means. 

16. The simulcast transmission system according to 
claim 15, wherein said means for comparing the re- 
ceived system timing signals and time correction factor 
signal with the local timing signals and a distance cor- 10 
rection factor signal comprises a microcomputer. 

17. The simulcast transmission system according to 
claim 16, wherein the time adjustment factor signal 
includes a time adjustment factor value calculated by 
said microcomputer using IS 

T a djS-{T xm u-¥ T c j)+ TdutS- TrecX 

where 

TadjN is the time adjustment factor value for an Nth 20 

transmission station, 
Txmti is the first time value corresponding to the time 

of transmission of the system timing signals, 
T c /is the time correction factor value, 
Tdistx is the distance correction factor value corre- 25 

sponding to the distance between said satellite and 

said Nth transmission station, and 
T w ,v is a time value corresponding to the time of 

reception of the system timing signals at the Nth 

transmission station. 30 

18. A transmission station for use in a simulcast trans- 
mission system comprising a plurality of transmission 
stations which are capable of providing simulcast trans- 
mission of data signals, the simulcast transmission sys- 
tem having a control station which is capable of gener- 35 
ating system timing signals, and in response thereto 
generating a time correction factor signal, and for dis- 
tributing the time correction factor signal to the plural- 
ity of transmission stations, said transmission station 
comprising: 40 

time generating means for generating local timing 
signals: 

means, responsive to local timing signals, for trans- 
mitting the data signals; 

means for receiving the transmitted system timing 45 
signals; 

means for receiving the time correction factor signal; 
means for comparing the received system timing 

signals and the time correction factor signal with 

the local timing signals to generate a time adjust- 50 

ment factor signal; and 
means responsive to the time adjustment factor signal 

for adjusting the timing of said time generating 

means. 

19. The transmission station according to claim 18, 55 
wherein said time generating means comprises: 

frequency reference generating means for generating 
frequency reference signals; and 

local clock means, responsive to the frequency refer- 
ence signals for generating the local timing signals. 60 

20. The transmission station according to claim 19, 
wherein said means for transmitting the data signals 
transmits the data signals at a predetermined transmis- 
sion frequency. 

21. The transmission station according to claim 20, 65 
wherein the predetermined transmission frequency is 
established by the frequency reference signals gener- 
ated. 
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22. The transmission station according to claim 18, 
wherein said means for comparing the received system 
timing signals and the time correction factor signal with 
the local timing signals comprises a microcomputer. 

23. The transmission station according to claim 22, 
wherein the time adjustment factor signal includes a 
time adjustment factor value calculated by 

where 

T a dj is the time adjustment factor value calculated for 
the transmission station, 
Txmit is the first time value corresponding to the time 

of transmission of the system timing signals, 
Tc/is the time correction factor value, and 
Tkc is a time value corresponding to the time of re- 
ception of the system timing signals at the transmis- 
sion station. 

24. The transmission station according to claim 18, 
wherein the system timing signals include at least timing 
information corresponding to a predetermined time for 
data signal transmission from said transmission station 
and synchronization signals which include at least syn- 
chronization information identifying a predetermined 
time mark and data signal transmission time information 
corresponding thereto. 

25. The transmission station according to claim 23, 
wherein said means for adjusting the timing of said time 
generating means comprises: 

means for storing the time adjustment factor value; 

converter means, coupled to said storing means, for 
converting the stored time adjustment factor value 
into the time adjustment factor signal. 

26. The transmission station according to claim 25, 
wherein said time adjustment factor value is a digital 
information sequence, and wherein said converter 
means converts the digital information sequence into an 
analog signal corresponding to the time adjustment 
factor signal. 

27. The transmission station according to claim 18 
further comprising means for storing a distance correc- 
tion factor signal, and said means for comparing com- 
pares the received system timing signals and time cor- 
rection factor signal with the local timing signals and a 
distance correction factor signal to generate the time 
adjustment factor signal. 

28. The transmission station according to claim 27 
further comprising memory means for storing informa- 
tion, and wherein the distance correction factor signal 
includes a distance correction factor value which is 
stored in said memory means. 

29. The transmission station according to claim 28, 
wherein said means for comparing the received system 
timing signals and the time correction factor signal with 
the local timing signals and the distance correction 
factor signal comprises a microcomputer. 

30. The transmission station according to claim 29, 
wherein the time adjustment factor signal includes a 
time adjustment factor value calculated by 

Tad}~ {T xm it+ T c fl+ Tftisj— Tree 

where 

Tff<#is the time adjustment factor value for said trans- 
mission station, 

Txmit is the first time value corresponding to the time 
of transmission of the system timing signals, 
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T c /is the time correction factor value, 
Tdist is the distance correction factor value' corre- 
sponding to the distance between said satellite and 
said transmission station, and 
Tree is a time value corresponding to the time of re- 5 
ception of the system timing signals at said trans- 
mission station. 

31. A method of time synchronizing data signal trans- 
missions originating from a plurality of transmission 
stations operating within a simulcast transmission sys- 10 
tern, the transmission stations having transmission 
clocks for controlling the starting time of the data signal 
transmissions, said method comprising the step of: 

generating, at a control station, a time correction 
factor signal in response to the control station gen- 15 
erating and transmitting a system timing signal; 

distributing the system timing signal and the time 
correction factor signal from the control station to 
the transmission stations; 

generating, at the transmission stations, local time 20 
adjustment factor signals in response to receiving 
the system timing signal and the time correction 
factor signal; 

adjusting the transmission clocks at the transmission 
stations in response to the local time adjustment 25 
factor signals generated. 

32. The method of time synchronizing data signal 
transmissions according to claim 31 wherein said step of 
generating a time correction factor signal at the control 
station comprises the steps of: 30 

transmitting, from the control station, the system 
timing signal which includes at least a timing word 
which provides a time mark indicating a time of 
transmission of the system timing signal; 

receiving the system timing signal including the tim- 35 
ing word at the control station to detect the time of 
reception of the system timing signal; and 

comparing the time of reception of the system timing 
signal with the time of transmission of the system 
timing signal to determine a value for the time 40 
correction factor signal. 

33. The method of time synchronizing data signal 
transmissions according to claim 32, wherein said step 
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of comparing comprises, the step of calculating a value 
for the time correction factor signal according to the 
formula 

Tqf= Tree— Txmil 

where 

T c /is the value for the time correction factor signal, 
Tree is a second time value corresponding to the time 

of reception of the system timing signal, and 
Tjr mi vis a first time value corresponding to the time of 

transmission of the system timing signal. 

34. The method of time synchronizing data signal 
transmissions according to claim 32 wherein said step of 
generating a time adjustment factor signal comprises the 
steps of: 

receiving the system timing signal including the tim- 
ing word at the transmission station to detect the 
local time of reception of the timing word; and 

comparing the local time of reception with the time 
of transmission of the system timing signal and the 
time correction factor to determine a value for the 
time adjustment factor signal. 

35. The method of time synchronizing data signal 
transmissions according to claim 34, wherein said step 
of comparing comprises the step of calculating the 
value for the time adjustment factor signal according to 
the formula 

Tadj\= ( Txmit-r T<fi - T m \ 

where 

T fl #vis the value for the time adjustment factor signal 

for an Nth transmission station, 

Tjc/n/7 is the first time value corresponding to the time 

of transmission of the system timing signals. 

T c /is a time value corresponding to the received time 

correction factor signal, and 

TrecA' is a time value corresponding to the time of 

reception of the system timing signals at the Nth 

transmission station. 

***** 
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